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GOMPLETB SPBOFICATIOK. 
A Method of Padking a Seceptade ivitii ConmiiiQited Material* 



Wc, John TuOMPSOK-KEMNXoaiT Limhed, 
a CoD^Qay xegistQied under tti9 laws of 
Goeat Bntain, d EttmgshaS. WdLvedmmp' 
tern, in ;£he CouHty of Sta&id, England, do 
B tofeby dfidaro me tnyeiPljcfli, for ^hk^ yrc 

Sy lhat a patent may b& granted to and 
mei&od by i^iiidi it is to b& periomed, 
to be pardcmady described in and by ^e 
fdlowlrig statemertf.: — 
10 Tlie pcesent imvention iidates .to a method 
of paj;&og a sieceptacle wiHi oomminDted 
ma&M and particulady but not easdusivcfy. 
to a medliod of pecking a oosnpaxttofint of 
an eleetn)dia^s appaiatos with an kn ex- 
16 change le^ Hie apparatus may. for ex- 
ample bte an sekolxodialyBiB ^pp^atos as 
descadbed in the Complete Spedficaliaa <^ 
owe oo-petodlng Patent Aj^cadon No. 
14S25/59 espial No. 893.051). 
20 Some cibnmiimited materials, for example 
ion eocchange ff^ins, ace dii^cult to pack 
iflto a seoeptade when w^ because die 
particles become tacky and stick not only to 
cne ano^ier but to anyllnng else with whic^ 
25 they come into contact. Such materials can 
bo packed into the teceptade in the (ky 
state but when th^ become wet, either due 
to abso!^on of water £it>m ^ atmosphere 
or because they ana we^ed in use, are 
30 subjiecc 10 an increase in vdmne* whidi. in 
tiie case of an ion exchange lesin. is of &e 
order of 12%. In some cases tins difficulty 
can be oveicoxae by incompletely fllting the 
recqptable by a caikrblated amount but 1ms is 
35 not a sati^ctory sola&m if tiie waSs of 
the Doc^ytade ase ooustructed of a 
€vely fl^Qtnsy matedal as, for example^ the 
membr^ies of an eilectrodMysis appaiatua 
compartment, when the pressine produced 
40 by the increase jsi volume of me com* 
mmuted material would d^oon 4tie widls 
[Price 4a. 6d.] 



rather than came the matmal to move and 
fin up the space diat has been left in 



it is an objea of the i^esent invraition to 
provide an improved method of packtng a 
xeoeptade wim commmuted material in 
wludi the diflffcrfties r^ea?ed to above are 
mat^iallv lednoed. 

Aoc<HOing to one aspect of tiie prcs^ in- 
vesntioa a mediod of padrkig a teceptade 
w^ oomminiited maloial comprises pack- 
ing the materisd into the lece^ade under 
pcBssuze, supporlh^ ihe wsJls of the ceoep- 
tade to resist d^onnadon thereof by the 
piessure applied and by any pressure pro* 
duced by an inoease in volume of tiie par- 
tides of the material and eubseqnendy le- 
mopvlng Uie ai^pm torn the wsiBa. 

The material may be casxied into die 
oeptacle entrained in a stream of conq^ressed 
air and the air aEowed to escape. The 
may be moist air and/cr die method may 
be canied om in a humidly c(»txQlled atm^ 
sphere; 

Advantageously when the matedal is sudi 
that It jinoieases in vokmie on being wetted 
with water a part of the receptacle is left 
U2^)acked and the material is wetted to cause 
it to inocease in volume to fill said tcocp- 
tad^ before removing the support bom me 
walls. 

Altemativdy tiie matedal is canied into 
the receptackr entcmed in a stream of water 
and excess water is allowed to escape. Ttiie 
temperatme of the matffrinl and of water 
trapped m interstices between pariides of 
the material may ^^ai be lowesed to cause 
die tmpped water to freeze and b<Hid the 
parddes tt^gether. 

If the material has been earned into the 
leeeptade in a dry state, k may be wetted 
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with WBta ajid tiie tmpdatme of the ma- 
tedal and water may tnea h» lowaied to 
cause the water trapped in interstices be^ 
tween paxtides of the mat^al to freeze and 
5 bond tae pflffticks togediec. 

So that ^ invention may be deaily 
undeistood tiie application of the piesent 
method to i£& i^u&m^ of a oompaittnent of 
an electxodialy^ apparatus win now be des- 
10 cdbed by way of example^ refoence being 
made to fbs acccmipanyistg dtawn^ in 
wbkix: — 

Ingure 1 Is a perspective view with parts 
bcotoi away of a compartment of an electro- 
15 dia^sis ap^iatus; 

Figuxie 2 is a secMon on die line EL— II 
of iTg. I: 

Inures 3 and 4 each show 4£iagcanmiaiic- 
ally means for feeding a rsesin into a oom> 

20 psFtment; 

Figures 5 and 6 each show diagrammatic- 
ally installations for feeding le^ in ^ 
form of a sliory into a comps^tment; and 
Figure 7 is a longitudmal section of ^ a 

25 compartment prepared for filling with resin. 
A snnj^e dect3X)dialysis app^tos com- 
l^ses a miit of three compartments ananged 
so that the centre compartment is divided 
ficom the two outec c<Hnpartmrats by per* 

30 meable membranes. An electrodie is placed 
in each <^ ib& outer ccnspsfftmraits and ttie 
liquid to be processed is allowed to flow 
thtcHigli the center oampartment In a laigp 
electrodialysis- apparatus there may be a 

S5 luge mmiber cf Gomparfm^ts disposed be- 
tween tb» electrode compartments, each oue 
being aq^ted ficom the next adjoining 
cc^paxtment by a permeable niembcane. 
Oat jsdt ct- artema^ compartments are 

40 teased cancentrate com p a rt ments, Le« the 
compaitmeots into which ions nngtate und^ 
tibe influence of the electric current passing 
between the electrodes, and the oth^ set of 
alternate compartments are tenned dilua^e 

45 compartments Leu the campartments from 
whiab the ions migrate. GwietaUy the 
volume of the concentrate couipartments is 
made smtdlcr than tiiat of ^e diluate com- 
partm^QCts, by making the distance between 

50 tiieir bounding metnbranes smaller, because 
the flow <^ liquid through a concentrate com- 
paxtineM is made as smaU as possible from 
an ecommiic point view. 
Eadi compliment whether diluate or cop,- 

55 centrate^ con^xrises an annidar separator 1 
of roctangular or square diape luivmg ojx 
eac^ side a permealue membrane 2 to rorm 
a closed central space 3. Passages 4 aco 
formed in <>pposed separaicnr ends (or ^des) 

60 to permit tiie Uquid to be dialysed to flow 
hito and out of me <^9tial space 3 at a psBs- 
. determined rate. Pref^aUy jmeans is .pro- 
vided to cause tiio liquid to flow ovk the 
whole sntface tsi the membrane bomidlng 

65 flie centra space and for tids pmpose wdics 



5 may be provided at the ends of the separ- 
ator adjacent the passages. 

The cen^ space 3 may be packed with 
comminuted mat^M 6 insoluble in the 
liqokl being passed thetethroa^ to act bo^ 70 
as a supp(^ for &e membranes 2 and to 
spiiead the liquid over tiie surface of the 
membranes. Ion exchange resins are par- 
ticulariy suitable for tiiis purpose as they 
deCQ^ase the dectdcal n^stance of the com- 75 
partment if wat^ containing a low cqoool- 
traticm of salt is b^ug desdted therem and 
dso ocnsi^srably decrease pdlsdsation ^ 
the m^brane sm^ace. Tlie ion exchange 
lesins may be anion or cation lesins or a ^ 
mixture of both* When the central space 3 
is packed with comminuted material means 
must be provided to prev^ the material 
from passmg om of the space 3 wi& the 
liquid b&ng dialysed, sudi means may be ^ 
the weirs 5 ^erred to above 

Gaskets 7 may be provided between the 
membranes 2 and tiie separator 1 to ensure 
that the liquid entering and leaving the cen- 
tral space 3 does so only through tiie pass- 90 
ages 4 provided 

The separator may be pnovided with a 
scalable port (xu>t Aown) in one of its walls, 
otiber tiian ^ walls containbg flie liquid 
flow passages, to permit oommhmted ma- 05 
tedal to be introduced into the central space 
afttf that space has been sealed by the posi- 
tioning of the membcanea 

Sepaxatotis of the typ& just described are 
described in greater detail in the Complete lOO 
S^edflcation of the Applicantfs co-petuh^ 
AppMcation mentioned above. 

The compartm^ts may be filled accord- 
ing to ihQ present method with the ion 
exchange rean in a dry state, a wet state or 105 
a dl^ersed state that is in the form of a 
^lin Slurry. Preferably the resin is padked 
into the compartm^ under sufSdent pres- 
sure, for example at least 10 Ib./sq. iiL, for 
the resin to resist furtfao: packing when the. 110 
compartment is put into operation. 

To feed die resin Into the compartment 
in a dry state; the resin is first brought to 
the required d^ee of dryness by a sta^ in 
a humidity chamber. A predet^mmed 115 
quai^ity or the resin, which is 12% by 
volume less than that theoretically required 
to fill the compartment, is with<mwn from 
tile chamber and passed to a feeder device. 
The feeder device comprises a chamber 8 120 
having an outlet 9 communicating w^ tiie 
compartment and an inlet 10 tiirough ^uch 
comiaessed ak at ^iiHRndmatdy 20 lb./sq. 
in. can be sigmlied. The commessed air, 
which is of me same humimQr as die 1£5 
hnrni^ chamber* farces the rem 11 into 
die oompartiUfimt as w3I be described later. 

To fe«i die resin into the oompartment in 
the wet states tiie resin is xnixed with a quan- 
tity of water slightiy in esBcess of tiiat which 180 
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win be absorbed by tbe resin particles tliem- 
sehnra to foxni a damp mass. A qiiantity 
12 of the wet readn suffidcat to fin tjie 
compartmoat is placed in acontaiiier 13 from 

d wfaioi it is forced as a "slug" ihroagh an 
ondet 14 and into tl» conmartmeat by feed- 
ins water mider pressure coto ibe ooniamer 
IS^duottgh an inlet 15. 
To feed ^ lesin into the compartmeDt in 

10 the form cf a lliin sliHiy> tile lesin is oon- 
tinnously fed bxm a somoe 22 into a recep- 
tacle 16 \»fai£li is also supplied with water. 
The xeo^de 16 is pzo^ioed with a stiiser 
17 winch causes tite re^ to be ludfomly 

15 dispersed throughout the water* The lesia 
shttiy foaned is £Bd via a pqpdhie 18 into 
the compartm^ by means of a pump 19 
and &e excess wat^ escaping from the ceor 
txsl spaeo of the compartmestt througji tlie 

20 Uquid inlet and outlet passage 4 is fedback 
to Oie receptacle 16 throi:^ a pipeHne 20. 
Altemadvely, can pumped into a 
mixing vessel 21 constantly suj^ed mOsL 
iresin from a source 22 so that the flow of 

25 water tfacongh the vessd 21 causes the resin 
to be cairied with the water into Ibe com- 
pCfftCDeot. 

To fin the large number or ^etad^ of 
compartments forming the mnmal iodustnal 

30 ekc&odialysis pdant one of ^ fdlowing 
procedures is adopted. 

A stack of compartments each ccnnprising 
membrane, gadceC separator, gaslcet, mem- 
brane is wt assembled with ^e central 

35 space of each compartment kft emp^ of 
resin. The membranes are then MpA^ as 
by passing m through compartm^ts. 
when they shrink and tighten Jike a drum 
skin. As tbe membranes do not immedi- 

40 ateiy assume their <»j£^bial dimension on 
beinig rewelted the resin is fed in the wet 
state^ trnder a water pressure of at least 10 
Ib./sq. in. shnuitaneously into all of tiiie 
compartments through tiie port pEOvLded in 

45 the side wan of each sepa^ntor, 

U destod s^&om may be inserted in the 
conmartmenls to prevent the memfaianes 
sagi^ into c(mtact wldi eadi odier and so 
that any tuidency fat the sweiUng resin to 

50 deEoim the membranes can be xedsted by 
applying pressure at eacb end of flie 
stack. 

Another procedme which may be adopted 
is to place a sheet 23 of pdyethylene on a 

55 fiat eurfaoe 24 for exarn^ a metal or plastic 
plate, and place a memlnane 25. gas&t 26* 
sepmtor 27. gasket 28. membrane 29, in 
that order on top. A second sfbeet 30 of 
polyethylene is attached to a^flat metal or 

60 plastic plate 31 to prevent it sagging and is 
placed ov^ the upper membrane 29. The 
polyediyleQe sheet 30 may be attached to 
the plate 31 by, for example zgplybig water 
or a waxy or greasy substance e;g. petroleum 

^ jeOy, to a &ce of tbe plate b^ore applyiog 



die sheet to it or by genraating electrostatic 
charges in the shieet and tbe plate by rubbing 
them. The polyethyl^ sheets 23 and 30 
are provided to prevent the membranes 25 
and 29 when wet from stiddng to tiie plates 70 
34 and 31 lespectivdy. Prwsure is then 
applied to the upper 0ate 31 dthar by 
meana of a press by clamping tiie upper 
and lower juates 24 and 31 together so that 
the gaskets 26 and 28 ace compressed there- 75 
by makmg the compartment wato ti^ 
around its prophery, Resm is now fed ii^ 
the compartment throng a port (not shown) 
provided in the ^de wan of the s^arat<v. 
The resin may be in tiie dry state, wet state 80 
or tn tile f cm of a tiiin slurry and is f aroe4 
into the compartment at a pressure of 20 — 
30 lb./8q, isL excess water of air escaping 
bom liquid flow passages. 

WMk the separator 27 is held t^dy 85 
aginst the bottom plate 24« to prevent resin 
from passing between the lower membrane 
25 and the separator 27» the pressureon the 
um)er plate 31 is released and the plate 31 
and poymthylene sheet 30 removed. A gasket, 90' 
sq>arator, gasket, membrane are then plaoed 
on top of me first conrE^rtmrait to form the 
second compartntent and the pcdyethykno 
30 sheet and uppo" jdate 31 rep&:ed. Pres- 
sure is again applied to the upp^ pkte and 05 
the second compartment is then filled in the 
same manner as the first oompartmenL 
This procechne is repeated untfi the stack 
comprises the reqoked nmnber of compaitp 
ments. lOO 

Lu^ may be provided on the sepaartor to 
enable pressure to be applied to it wbrai 
the r^er i^ate is removed. 

It wafl be ^]pr«dated that if the compart- 
ments are brang filled with dry resin, the 105 
resin ha^ subsequently to be wetted and 
this & jH^rferably left until after the next 
following ocHnpartment has beai filled. 

In a further procedmre the first stages are 
as just descnbed except that the upper.mem- 110 
brane is omitted and the resin is fed into 
the coutoartaient tihroi:^ an apertmie .(not 
shown) formed snbstantially centrkUy of the 
upper metal plate 31 and pc^ethylene sheet 
30, When Oe compartment is ffied witfa 115 
resb, die lesm beii^ wetted if the dry fin- 
ing tedmiqiie has been used, ^e tempem- 
tnoe of the comj^ariment is brought down to 
bdow the ficeezmg point of die water and 
maintaJned diere usffl a handleable mass of 120 
tc^ pfirdcles heU tog^cr die f arma- 
don of ice in the iatosEoes between ^par- 
tides is obtained. The pressiae on the 
upper metal plate 31 is Hhen released, the 
plate 31 and polyeth^CTe sheet 30 removed 125 
and die second medohrane plaoed in posi- 
tion. The second and frather compart- 
ments may now tse built up on the first, eadi 
oompartment bedng fozen aftor it has been 
filled and "w^^^iiiH in the frozen fitade 180 
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im^ ^& stai^ is compifite and etectio- 
didvsis ap|>aiatQ5 is eected. 

I£ desized eadi oompartinent may be con* 
strocted s^aiatdy and kept ia coki storage 
until zequ^ed to fbnn part of a stack* la 
diis case the piessnz^ xm. ^ ^ate 31 is ie> 
leased and t}^ plme removed bet ^ poly- 
eOylene sheet SO is aOowed to lemaiii in 
positioii to prevent evaporotlon of the water 
bef<x;6 it is fRoesL 

. The poiyi^yieQe sheets 23 and 30 axe 
provided to prev^ tibe wet resin or meoh 
&rane, as the case may be^ &oni &eeznig 
on to tlie plates 24 and 31 lespecdvel/. It 
has been found that after &eez£ig the plates 
can be easily parted fixun &e polyethylene 
sheets and the latter can i&en be peeled off 
the frozen t^^in. 

It has been found diat the temperatnsB 
of a z^esin filled compffltmeot should not be 
leduccii bdow about ndnns 10' C other- 
wise the pmrtides of leshi may be n 



due to the fmnation of cc^ak of 
Hqoid wiiMn ^ paitble ftselL St wiQ be 
TO^eicstood that t& £quid. willdn the par- 
tide is' a solu^on and will flitt^ore have § 
lower fceedng pofait 'dian lite Gnbstantially 
pme waier a&ed to the paiUdes dating the 



5. The method according to Claim 2, 3 
or 4 ^oein ytb&R t!ie matmal is sudi ^at 50 
it increases in volume on bemg wetted with 
water a i»it of the roceptacfe is 1^ un- 
padsed and the matedal Q wetted to cause 
H Jto increase in vblome lo M said receptade 
befoi^ lemoviog tlie si^port from die walls. 55 

6w The memod a^cor^ing to Claim 1, 
wherein die matiedal is canted into the le- 
ceplacb entrahied in a stream of wat^ and 
excess water is allowed to escapes 

7. The method acccMPding to Claim 6. 60 
wherein the tempeiatuie of the material and 

of water Ira^^ped in interstioes between par- 
ticles of the mat^ial is lowered to cause the 
trapped water to freeze and bond liie par- 
ses traettier* ' ^ 

8. The mediod aocoaDding to Oaim I 
Claim 2, wtterdn snbsemoit to its pack- 
tkg widm tihe ieoepCBG& tiie mtfedkl is 
wetted widi water sobd €bee temperature of 
the materia and water is lowered to cause TO 
the walier trapped in interstices between par- 
oles of the ffiatgrifll to toeze and bend &e 



ao WftAT WB CDJM IS:— 

I. Amethodcf peddngaxeceptadevnliL 
odanninuted material . compd^s packing 
the matwial into die reoeptade under pres- 
sure sappda^ttig die wa^ of the receptacle 
35 to iesist deformation thereof by die pressure 
ai^iiyed and 1^ any piessufe produced by an 
inciease in v^ume of ^e partklBs cf die 
awfttftrffli and sabs^u^Q% temoving die scqp- 
pot ficom die waHa' 
10 2* The mediod aooozdiDg to Claim 1, 
v^erein the material is cazzied into the re* 
cc^^tacle entrained in a stream of oompxessed 
air and die air allowed to escapoL 

3. Tbe me&od aocosding to Gaim Z. 
i5 wherein die air is moist 

4. The method according to Qaim 2 or 
3. wiieidn die packing is eSiected in a 
hnm»^y oonfsoiled atniospheieL 



9. Areceptadepadcedwidicomminnted 
material by die mediod of any one of the "75 
preceding claims. 

10. A compartment of an electcodial]^ 
apparatus padced with a comminuted ion 
exchange resia by the method of any one of 

1 to 8. 80 

11. A method of packing a recem^e 
w^ connninttted mat^^ substandaOy as 
her^ descdhed wxdi refi^^eiBee to Fl|s. 1 
ai^ 2 and aiQr one of Hgs. 3 to 7 ol the 
aocompan^fing drawings. 85 
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